The Emsian deposits of the Battery Point Formation (Gaspé, Canada) host the most diverse Early 15 Devonian flora in North America. While most of this diversity has been described from plant 16 compressions, the permineralized component of the flora is incompletely explored. Based on 17 >15 axes studied in serial sections, we describe a new anatomically preserved rhyniopsid from 18 the Battery Point Formation, Eddianna gaspiana gen. & sp. nov.. Eddianna axes are up to 2 mm 19 in diameter and have a well-developed terete xylem strand with potential centrarch maturation 20 (comprising 80% of the cross sectional surface area) that features Sennicaulis-type tracheid wall 21 thickenings. A thin layer interpreted as phloem is preserved around the central xylem and an 22 irregular sclerenchymatous cortex forms longitudinal anastomosing ridges on the outside of the 23 axes. The anatomy of Eddianna axes suggests that they represent lower portions, specialized in 24 efficient water transfer, of a larger plant whose distal regions have yet to be discovered. 25 Eddianna, the first permineralized rhyniopsid described from the Battery Point Formation, is one 26 of only four anatomically preserved plants reported from this unit. These fossils reiterate the 27 potential for additional discoveries of anatomically preserved plants in the Battery Point 28 Formation. 29 30 ADDITIONAL Rocks from this time interval 35 preserve some of the oldest vascular plants, which provide information about the evolution of 36 vascular tissues and tracheophyte diversity. While numerous plant species have been 37 documented from Lower Devonian strata, many of these species are incompletely understood. 38 This underscores a need for continued investigations of Early Devonian floras. The majority of 39 Early Devonian plants had simple organization, consisting of undifferentiated, branched 40 photosynthetic axes. These plants have been traditionally assigned to a few main groups, one of 41 which is the Rhyniopsida (Kenrick & Crane, 1997). The morphological simplicity of 42 rhyniopsids and other Early Devonian plants, in general, provides only a dearth of characters for 43 comparisons, hindering studies of both the systematics and relationships of these plants. In this 44 context, anatomical information on Early Devonian plants can contribute crucial resolution to 45 these questions and discovery of new anatomically preserved fossils continues to be a primary 46 goal of paleobotanical investigations.
INTRODUCTION
Tracheid wall thickenings with spongy structure and lined with a microporate layer. Wall 139 thickenings ca. 12 m wide, spaced at ca. 24 m apart, and protrude ca. 7 m into the cell 140 lumen. Pore density in microporate layer ca. 16 m -2 ; pore diameter 0.15-0.20 m. Larger axes 141 with concentric zonation of the metaxylem: larger tracheids in the outer zone and narrower 142 tracheids in the inner zone; limit between the two zones marked by discontinuous ring of even 143 narrower tracheids. The axes of E. gaspiana range in diameter from 0.6 mm to 2.1mm. The longest observed 153 fragment measures 2.5 cm. Reproductive structures have not yet been found associated with any 154 of the axes. External evidence for axis branching is also missing, although one specimen shows 155 anatomical evidence for branching. 156 Specimen 557840 Gbot-Htop is an axis cut in cross section (Fig. 1A) . The axis is 1.25 157 mm in diameter. The cortex consists of highly sclerified cells that form a dark layer in which 158 individual cells are difficult to discern. The thickness of the cortex is variable, including 159 irregular protrusions that range up to 144 µm tall and 192 m across the base, as well as regions 160 where the cortex can be very thin (12 µm), possibly as a result of incomplete preservation.
161
Beneath the cortex is a thin layer 48 µm wide. Cellular preservation in this layer is incomplete, 162 but fragments of cell layers indicate that it consisted of parenchyma cells. Based on its position 163 immediately outside the xylem cylinder, as well as its parenchymatous nature, we interpret this 164 layer as a photosynthate-conducting tissue and refer to it as phloem, while acknowledging that its 165 homology with tracheophyte phloem is equivocal. The central xylem strand is circular in shape, Specimen 557840 Hbot exhibits two axes cut in longitudinal section ( Fig. 2A ). Both axes 180 are at least 2.5 cm in length. In these longitudinal sections, the cortex shows important 181 variations in thickness, as well as numerous discontinuities (Fig. 2B ). The thickness of the 182 cortex is up to 1.2 mm and individual cells are difficult to discern. The phloem layer is up to 72 183 m and 5-6 cells thick, and consists of narrow cells with thin, straight walls ( Fig. 3A, B ). These 184 cells are elongate, but we did not observe end walls so their length cannot be measured. In a 185 radial longitudinal section the xylem strand is 0.8 mm in diameter and exhibits more conspicuous 186 centrarch maturation ( Fig. 3C ). Like in the phloem, the length of the tracheids cannot be 187 measured due to the lack of end walls. Tracheids are up to 48 m in diameter and have annular 188 to helical thickenings. The thickenings are ca. 12 m wide and spaced at ca. 24 m apart. They 189 protrude ca. 7 m into the cell lumen. Scanning electron microscopy revealed the spongy nature 190 of the tracheid wall thickenings ( Fig. 3D ), which are lined with a microporate inner layer (pore 191 density is ca. 16 m -2 and pore diameter ca. 0.15-0.20 m) ( Fig. 4B ). Both these features are 192 characteristic of Sennicaulis-type (S-type) tracheids (Kenrick et al.,1991a) . Fig. 4D ). This anatomy reflects branching, which is likely isotomous.
203
The majority of specimens show subtle yet distinct concentric zonation of the metaxylem 204 ( Fig. 1C, D) . In the outer zone, tracheids are larger, whereas in the inner zone they are narrower.
205
The limit between the two zones is relatively sharp and marked by a discontinuous ring of even 206 narrower tracheids (Figs. 1B, 3C). Tracheid diameter also decreases slightly toward the 207 periphery of the xylem cylinder ( Fig. 1A, B ). Tracheids in the outer zone exhibit a subtle radial 208 patterning in shape and arrangement in some areas of the cross sections ( Fig. 1A, B ). According to Kenrick & Crane (1997) , the Rhyniopsida are early tracheophytes with simple 212 organography characterized by adventitious branching of axes and by sporangia that are attached 213 to a specialized pad of tissue and have an abscission layer at the base. Additionally, all four 214 genera of known rhyniopsids -Rhynia, Sennicaulis, Stockmansella, and Huvenia -have 215 tracheids characterized by S-type wall thickenings (Kenrick & Crane, 1997; Kenrick et al., 216 1991a; Kenrick & Crane, 1991; Kenrick, Remy & Crane, 1991b) . The Eddianna material 217 described here is strictly vegetative and does not provide evidence for adventitious branching.
218
Nevertheless, the presence of S-type tracheid thickenings places this plant among the 219 rhyniopsids, the only group that exhibits this type of tracheids.
220
Compared to the other rhyniopsid genera (Table 1) an outer parenchymatous cortex that was not preserved, is not supported by any physical 254 evidence. Instead, the weight of all evidence associated with the Eddianna specimens supports 255 the hypothesis that an outer parenchymatous cortex was not present and the specimens preserve 256 relatively complete anatomy of the axes, which we adopt as our interpretation of these fossils. Eddianna axes were not photosynthetic. Concurrently, the axes have a high proportion of xylem 265 which is consistent with high water transport capacity. Together, the lack of photosynthetic 266 tissues and the high water transfer capacity of the axes suggest that they represent the lower 267 portions of larger plants that conducted photosynthesis in more distal parts of hypothetical 268 branching systems. Therefore, the lower portions of these plants consisted of stiff, non-269 photosynthetic axes built for maximizing support and water transport.
270
Basal axes that have almost exclusively a water conduction role, such as those of 271 Eddianna, are justified only if (1) water is readily available in the substrate; (2) the plants have 272 an extensive absorptive rooting system or (3) they have extensively developed distal 273 photosynthetic parts; or a combination of these conditions. Therefore, it is likely that the 274 Eddianna plant grew in a water-rich environment, e.g. in the immediate vicinity of water bodies, on floodplains, or on substrates with a high water table. Alternatively, the distal photosynthetic 276 parts of Eddianna could have been extensively developed (highly branched), or had rapid 277 growth, or maintained high turgidity, all of which require high water intake. It is also worth 278 considering that rhyniopsids have adventitious branching (Kidston & Lang, 1917; Kenrick & 279 Crane, 1997; Kearney, Kerp & Hass, 2016) wherein lateral axes, attached to the plant by are predicted to consist of axes of smaller diameter than the lower portions. Consequently, the 307 distal parts of the Eddianna plant would be much thinner than the axes of the rhyniopsids 308 previously described from the Battery Point Fomation. This excludes these other rhyniopsids as 309 potential candidates for the distal parts of Eddianna, the search for which is ongoing. , 1969) . In contrast, the compressions in the Battery Point Formation represent a higher 326 diversity of plants (Gensel & Andrews, 1984; Hotton et al., 2001; Gensel, 2005) . This higher 327 diversity should be mirrored in the permineralized component of the flora. Together, these 328 suggest that the Battery Point Formation hosts additional diversity of permineralized species that 329 await in-depth investigation. This study is part of renewed efforts to characterize this diversity. m. C, Longitudinal radial section of axis with large xylem strand (protoxylem compressed, distorted at center); sclerenchymatous cortex (dark brown, at left and right); and thin phloem sandwiched between xylem and cortex; note conspicuous helical thickenings of metaxylem tracheids and fine band of much narrower tracheids (between arrowheads) between the two concentric zones of the metaxylem (e.g. Fig. 1B, 1D ). Scale bar = 150 m. USNM-557840 Hbot #1f. D, Scanning electron micrograph of tracheids with helical wall thickenings, note spongy structure of the thickenings, characteristic of Sennicaulis-type tracheids. USNM-557840 Hbot #44. Scale bar = 10 m. 
